
UNCLASSIFIED

AD NUMBER

AD223114

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; MAR 1932.
Other requests shall be referred to
Frankford Arsenal, Philadelphia, PA.

AUTHORITY

USAARDCOM ltr dtd 31 Aug 1982

THIS PAGE IS UNCLASSIFIED



THIS REPORT HAS BEEN DELIMITED

AND CLEARED FOR PUBLIC RELISE

UNDER DOD DIRECTIVE 5200.20 AND

NO--RESTRICTIONS ARE IMPOSED UPON

ITS USE AND DISCLOSURE.

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELIASEJ

DISTRIBUTION UNLIMITED,



UNCLASSI FIED

AD, 223 114

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formnulateda, furnished, or in any -wy
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manmfacture, use or sell any
patented invention that may in any way be related
thereto.



X1.1

REPORT No. io

SM4LL AWMS -PRlBRS

Ernaest R. Rechel
,.fl Junior' Cherist

M'AY 1.6 '1962

Li TSIA

ORDNANCE LABORATORY

FRANKFORD ARSENAL

PHILADELPH-IA, PA.

i.arch, 1932

F. A, Form N(o. 156. 
rran1kfotd Ama.-- -43-..090



b,.11 :LLR.:§ PrlJl!M

FX . Yrithau, ~rotR. Rechel,.Ui~ecv~or of Laboratories. -Juniior Chemisit.

C. A. Ut I mn

Oficer in Charge.

J. E. launrca,

Jomnunding.

Feseareg Laboratory
Frankford Arsenaj

.ac,1932.



CONTENTS

PAGE

I. INTRODUCTION 1 - 3

II. EXPERIME.NTAL COMPOSITIONS. 3 - 21

Ingredients. 3
Method of Dry Mixing. 4
Method of Wet Mixing. 4
Loading 4
Testing 4- 6
Mer6ury Fulminate Compositions.- 6

1. Use of Strontium Nitrate and Lead
Nitrate in Place of Barium Nitrate. 6

2. Use of Cuprous Sulfocyanite in Place
of Lead Sulfocyanide. 7

3' Pretreatment of Barium Nitrate. 7 - 8
4. Use of Tetracene in Place of Mercury

Fulminate. 8
5. Lead Styphnate and Lead Picrate

Mixtures. 8
6. Varying the Granulation of the Barium

Nitrate and Antimony Sulfide. 9 - 10
7. Varying the Ratio between Lead Sulfo-

cyanide and Antimony Sulfide. 10 - ll
8. Zirconium Mixtures. 12 - 15
9., Varying the Granulation of the

Mercury Fulminate. 15 - 16
Potassium Chlorate Compositions.- 16
1. Pretreatment of Potassium Chlorate. 16 - 17
2 Tetracene Mixtures. 17
3. Varying-the Granulation of PotassiumChlorate and Antimony Sulfide. 17 - 18
4. The Relative Importance of Antimony

Sulfide and Lead Sulfocyanide in
the F. A. 70 Mixture. 19

Non-corrosive Non-fulminate Compositions.- 20
1. Rathsburg Compositions. 20 - 21
2. Diazol Compositions. 21

III. THEORY. 21
General. 21 - 22
Granulation. 22 - 28
Coefficients of Friction. 28 - 31
Ignition Temperatures. 31 - 35
The Primer Flame. 35 - 39



I- R ODU-7TI C *

The following i'e-ort de:.ls with work th:,t has been
;ursued at Frankford Arsenal IurinL, the last two years on the
development of non-corrosive .Lriming mixtures. The program of
ex jerimental work as originally ::lanned was very much ampl'ified
as the work vent on. For this reason no report was issued at
the end of the first year, at that tiue some of the more inter-
estin,, imalic.tions of the problem were beginning to be grasped,
and it was decided to postpone the date of report.

The most remarkable thin4 about the history .of percus-
sion pri,.ers is the total absence of any radical changes or
brilliant improvements, since their invention, such as have oc-
cured in the f-ield of propellant powders. Modern primers are
very much the same as the filst rimers made by Forsyth in 1807,
containing 70.6 parts of -otassiun chlorate, 11.8 parts of char-
coal, and 17.6 ,arts of sulfur. Important imuroveiaents have been
made in the unifor-ity and reliability of primers, but the
priming charge still consists, as it has for the last century,
of a heterogeneous i.aexture of granular substances, capable of
taking fire when struck. The remark has frequently been made
that primers are still in the "black powder" stage of develop-
ment.

The first improvement on Forsyth's primer came in 1819
when Wrisht used a mixture of mercury fulminate, potassium
nitrate, sulfur, and black .cwdr (1). IAny persons, however,
still favored the chlorate -,rimer because of its safety in
handling, and so Dreyse came forth with a mixture of 52.4 parts
of p:otassium chlorate and 47.6 parts of stibnite, or antimony
sulfide. Dreyse's mixture must have been very.insensitive,
even when com.-ared with Forsyth's mixture, for after awhile
mercury fulminate was added, and a priming mixture was produced
which was satisfactory enough to remain in use many years.
biny govermaents still use this mixture, or modifications of it,
in their ammunition. Powdered glass is frequently used to
increase the sensitivity, and a binding material such as shellac,
gum, or gelatin, is usually added to hold thu separate ingre-.
dients togetbe. Ono of the Ausirin primors (_) (2) ay be
quoted as re-rescntative of this ty;.e of mixture, being composed
of;

Iercury fulminate 13.7%

Potassium chlorate 41.5%
Antimony Sulfidu (stibnite) 33.4k
Powdered -lass 10.71
Gelatin uN

l6O.O
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The United States .Lrmy used a fulminate mixture as
late as 1899, but eventually chan-od to the chlorate, non-
fulzinate type which has gradually been improved until today
it is irobably the best irimor from a ballistic standpoint
that has so far been evolved. The fulminate is eliminated
through the use of more easily ignited fuels, thereby increas-
ing th. sensitivity of the mixture, so that it compares very
well with mercury fulminate mixtures. The composition now be-
ing loaded at Frankford Arsenal is tho well known Winchester,
or F.A.70, iaixturo.

Potassium chlorate 53%
Antimony sulfide 17C
Lead sulfocyanide 25%o
T.N.T. 5%

This composition is moistened with a small amount of gum so-
lution and then loaded in the usual way. In this composition
the T.N.T. and lead sulfocyanide are the easily ignited fuels
which give the prix:er the required sensitivity. In place of
these, the sulfocyanides, ferrocyanides, and thiosulfatcs of
various huavy iretals have also been pror~osed for prirmin mix-
tures.

During rbce.:t times a t.ird type of riraer has been
the object of Luch exkerimental work. It contains neither
fulinate nor chlorate, and de;ends for its i.,nition on any
one of several explosive co,;.tpounds. It is, perha-;s, the "ideal"
tye, since it attenytAs to avoid the bad features of the fulni-
nate and chlorate primers. But none of the mixtures belonging
to this third type have been used extensively, and ,hatever
advantages they may seem to have are offset by the fact that
vsry little ex.-erience has been had with them.

At present then, there are two tyrpes of priming mix-
tue:,s vhich are known well eno-oh to merit consideration for
service amn,.unition. These are the mercury fulminate primer
without chlorate and the potassium chlorate rjrifna:r without
fulrainato. Each, hov;over) has serious disadvanta,)es. Mercury
fulminate is somewhat dangerous to work with, it constitutes
a constant menace to life and health. The chlorate prim.r, on
the other hand, is quite safe to manufacture, but its great
disadvantage is in the marked rusting caused by chlorate rosi-
du..s in rifles, n cossitating prompt and frequent cleaning of
the barrels (3) (4). Ballistically, the chlcrate primer is far
ahoa6 of all other types. The use of mrchins guns synchronized
with irplan,: -ropollors in modern ...arfare places rigorous lim-
itations on the amount of hangfiro that can bu allowed in air-
craft u, .unition, znd in this respect the chlorate xrimer is very

-2-



reliable. Hangfires are very rare, indeed, with the F.A.70
composition. But fulminat primers show a persistent tendency
to hangfire, and in the o~inion of many this is their chief
disadvantage. At least, this is the one disadvantage that
would certainly ,,r -,ent their adoption for service ammunition.
We hAve then, on the one hand, the chlorato primer with its
good ballistics and bad corrosive effects, and on tho other
hand, the fulminate primer with its non-corrosive features and
bAd ballistics. This, briefly, is the situation now existing
with retard to small arms priming comositions.

The present work has been directed mainly toward the
oli,.ination of hangfires in non-corrosive priaers. Much
attention has also been given to the theoretical side of the
problem in an atteml.t to discover what conditions tend to
produce hangfires. The report, therefore, has been divided
into two main parts the first part describing the mixtures
prepared and the ballistic results obtained from thei, and the
second -art settinr forth theoretical considerations regarding
the composition and functionin0 of primers. These investig6.tions
h,,vo boon confirmed exclusively to the primer used in .30
caliber ammunition, and the conclusions drawn will, of course,
rolato only to the .30 caliber primer.

II. EXPERIiTAL C0OSITIONS.

Ingredient s

7ith two exceptions, all the ingredients used wore
very puro chemical compounds cquivt..nt to "C.P."' grade. The
mercury fulminate, howvvor, w.s of thu usual purity used in

detonators and 2rimorsi that is, it contained about 997 mercury
fulminate% The antimony sulfide consisted of ground stibnite,
cont:.ining ap.roximately 90% Sb2S3 this grade being regularly
used for priming compositions.

The granulation of each ingrediont ws controlled by
in,..ns of four st..ndard Tyler sieves of 80, 100, 150, and 200 mesh.
The following convention h..s been s:do;ted for indicc.ting the
fineness of the vrious ingr6dionts

100/150 represents m:.tril which pssed through
the 100 mesh siee but w:.s rt.inod by the
150 mesh siove.

- /Bo represens mzcrial coarsir that 80 mesh,
upper limit of coarsemes unknown.

200/ - re.rs:ats ftrial finer Lhn 200 mesh,

lower limit of finoenss unknown.

-3-



Nethod of D iin

In making u2 a priming comiposition for dry charging, the
ingredients are weighed sefarately and then mixed by passing
thew twice through an 80 mesh sieve. A brush is used to break
up lumps if any are formed. If explosive compounds, such as
Mercury fulminate, are to be used in the mixture, they are laid
aside until the other materials have been sieved. The explosive
material is then added and the whole thoroughly blended by
"rolling" the mixture on clean paper. All priE.in6 mixtures
loaded dry are distinguished by having the letter "D" added to
the serial number.

Method of .Tet Lixing

In praearing mixtures for wet charging, the ingredients
are first mixed dry, the san~e procodure boing used as for dry
charging. The mixture is then poured upon a clean glass plate
and enough gum solution addad to give it the proTjor consistency.
The rum solution is 7iorked in by hand, and after thorough mix-
ing, the comosition is >,laoed in hard rubber boxes ana covered
w';ith a damp cloth. All the experiment-.1 wat mixtures wor
loaded within thruo hours Jftor they vioro preparod. The gum
sclution is composed of.

Gum Tragacanth 60 parts
Gum irabic 110 "
Glue (1-k Test, Coop-
or's) 10 "

at er 3000 "

All primin m.ixturs loaded ;jet aru distinguished by having the

letter "W" addod to the serial number.

Loading

All experimental mixtur s are loaded on standard machines
under production conditions, standard cups and anvils being
used throughout. Thi pellets re) of course, foiled with shell-
ackod , moistened "'ith -Llcohol, thu anvils boinj insttud
inmdiately aftor%;:rd. The prinors are then dried at 1100 F.
for about 36 hours, and at 1200 F. for 5 hours.

Testing

After th. ,ri:ars hav bon dried, quantity of cases .re
-,riacd .-with -hom, :.nd the primers cri.ped in. Sone of the primed
cases :re usd for th, dror-toot to determine the sensitivity of
the prLr-ro. Thj drop-test is a:de in th, usual way on - standard
ia-chine, using -, freely filling 4 oz. ball drop-ed froma various
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heights. The ball falls upon a firing pin which fires the primer.
U.S. Army Specifications require that all .30 caliber primer* must
fire when the ball is dropped 15 inches, and all must fail to fire
when the ball is dropped 4 inches. Under well controlled man-
ufacturing conditions, however, it is possible to narrow the
range of sensitivity considerably. At Frankford Arsenal, daily
drop-tests on production work show that the present .30 caliber
primers fire very consistently at 10 inches and miss at 6 inches.
The results of drop-tests on experimental mixtures will be rep-
resented graphically, since this facilitates the comparison of
mixtures. A separate graph is placed beside each mixturep showing
,the number of primers fired vs. height of drop in inches. For
some mixtures, L dotted line graph is also drawp, showing the num-
ber of "squibs" found at each height. A primer that ignites, but
burns so slowly that no report is heard, is counted a squib.
Normal primers give a loud, sharp report.

If the sensitivity of experimental primers is satis-
factory, a hangfire test is made under full machine gun actionp
firing two bursts of from 50 to 100 rounds each. The hangfire
machine consists of a paper disc rotating in front of the machine
gun. The disc rotates four times for each round fired, the speed
being maintained at approximately 1800 r.p.m. The bullets pass
through the disc near its edge, and it is plainly seen that if
the ammunition is functioning perfectly, all the bullets will
pass through the same hole in the disc. But amunition never
functions pqrfectly. The separate shots always have slightly
different velocities and, as a result, a group of holes will be
found along the edge of the disc. According to Army Specifications
for service ammunition, any shot that lags behind the first shot
in the group by more than 1080 of arc, disc speed 1800 r.p.m.,
shall be counted a hangf: e. A shot falling between the main group
and the 1080 limit is -3unted a lag. For aircraft ammunition, the
requirements are more rigorous. Any shot that lags behind the
main group by more than 270 is counted a hangfire. But the results
given below have been recorded from the standpoint of service
ammunition specifications, so that lags will be recorded up to 1080,
beyond that, hangfires. In order to determine the lag of the
main group itself, the "zero" position must be determined by firing
a single shot with the disc standing still. The distance from
the "zero" shot to the beginning of the main group then gives the
lag of the main group. In tabulating the results of hangfire tests
on experimental mixturesp abbreviations will be used as follows&

R a Number of rounds fired.
Z a Lag of main group behind "zero" shotj in degrees.
G 3 Spread or extent of the main group, in degrees.
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L : g of individual 3. Toto fallin- bohind tho wain group
riot oxco.Aing 1080 bohind tho b.,Sin~~nc of thc m.ain
group, in dogrcoe.

H *La, of individual shots fallin6 mor-e tha~n 1080 bohind
thc brginning of tha in c-roup, in doos.

I.Lurcu LFularLnt o Co:2si.t ions

A tChu ir thesci xc~xriicnts w.ore bc~gun, tho ;.iost
r-cc-nt fuli.-,inato coi.position tha~t had b6,n viork,:d on tt tho
Frcankford A rsen1 .jas known us tho 353-D iXturo, of the foll.ow-
ing co.z.ositioni

!g(Oi;C)2 80/ - 30%j
Ba(MB0)2 200/ - 40jc:
Sb253  150/200 20%
Pb(SON)2 200/ - /.
T. 1. T.

Uac'ny of tht. co-..'ositions dev.Dlo,.od since havo bocui ifodifica-
tions of this IMixtureanrd so 353-D vill bo rc fi.rrod to fro*
quently as the basic fulminAte composition. Its ch2ractori3ics
wiill. b.~ found in Fi-uro 1. It Tyr:,Ers soi..owhzat sonsitivo fro.a
tho dror.-tcst curvco, and tho. nuubcr of 1.,.gs oxhibitod is tyrical.
tjsudly, one or tw~o hangfircs vvill ap,_oar in o--ch 100 rounds,
c.1thouzh this is not a rorgular occurcnce. This imixturc) thcn,
scirvced as a 3tarting point foi- thoso discrib,;d below.

l. Use of Strontium Nitrate and Lead Nitrate in Placo of
Bariu.1 Nitrate.-

It ha-s long bcon D. £avorito divorsion of ,aeoplo '.;orking
:h;riridn- co:L .ositvio',s to -_-Ato., t to dcterfaino tho~ off ioc:xy

of. i.ixTur~s by, c. lculating tho ai--ount of h~tlibcrated during
explosion. Rcjcant ox orimns and considcrations, to be pro-
suntcd later, su-,ost that _- pellet liberating 15 calories miay
b- suorior to oi: libo.r.-ting 20 calories, -Gho degree of ,xc,,l-.
lonco dopending upon everal "actors of unsuspectud importance.
HT.'oavcr, the' bunof it of this later axpxr2ica .j-s not av~ilabls
during thet: arly oxporl..ontz, und two rniixturcic woro ;uldo in an
atteLipt to im~prove 353-Dl by using nitratas which giva up ox-
y,-3fl;with lesas absorption of hcat than baiwu nitrato. In lib-
eratin, one grama of oxy,-on, bariur. nitrate absorbs 262 caloriuop
t~imrciby cooling thu ixplosion flrmo by that a-rxount, On the other
hand, strontiur.. nitr-.te: -will yie-ld tho oax.e amount of oxygon with
the_: loso of 234% calori.is, and leard nitrate will absorb only
1410 calori:;3. Strontitt-: ancl le;ad nitratos 7lure 1-heiuf or. uzse:d
in 31-8-D and 359-D, roz, octivcly. The r-,iults aro in 21,-urio 1.
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In the drop test, one ;rim~er f;-om each lot ozpoded
at 3", bu'6 tIVS ra.IUlL qairot be ascribed to the new ingre-
diontsjsinc . the t io pri,.aer lot3 are actually lo~s seasitive
th. n 353- D at 4" and 6#", and 35A2-D is 1e3S56"e3itiVe at 8" ani
10". Th-e han .. fire tes-Ls also showi that nothin, has been gained
b r using nitrates ;ith Licre favorable therinan krol-rt -. e s . The
grou, s are na.rrowi enough, but the tendenc , to langf ire has not
been elininated. Lot 359-D showed no serious la,s or haagfiress,
but the one misfirs that devulo,.ed is quitL as bad as a hang-
fire. Aftur all, a misfire is simrly a ban#.fire of infinite
durAion.

F~oral lead nitrate would, at any rate, be undesirable
in a rii;.ar becat~e of itiz acid reaction. It is understood,
hcmsiver, that one of the loading com,.anies has used basic lead
nitre-'e Aith 30:10 succes3 in -rimning com,,opitiorns.

2. Uoof Cuw..rotts _______nid in Place of Le-d Sulfoevnie

In 364-D, cuprous sulfoclyanide haj bsen used in place
of tha iaad sulfoc- an i~e 2ouad .-n thie basic fuli~nat m~ixture.

A.e -r~ et~c ~~i~ts F~ro 2) are very siniilar to
o53-D. Aifter-i.rds, another bztch of the cop~.er hix;tur, -,ias
Sro,.2r3d and lo;..d ,,ret (3b4-11). The materiul was quite unstable

--,n ~oist zntf. rcquirzd rapid loading to a-void its sattincg, to
a haird cakc;. Anoth~r mixture (385-W) containing l5' Z cuiprous
sulfocyc nide wa~s preparadf but it docoiiposed too rupidlyr and no
)ri~i.~rs could b3 charged ;;ith it. The for.iula for 364-J is.
, -ivan in Fi~ure 2p whilu 385-41 is in Figure 1.

3. Fratroatmcnt of Barium iatrc-te

Dun; the cocrsc of iuscollanoous oxjioriwonts on
:-,ixturDs ofC v,-rious oxidizin. a'cnts and fLuels, it became ap--
parant that be~rium nitrate is cot.,parativoly aluggiah in yibldijg
its oxygon. This has broon g6nrlly known, and, us m~entionl
before, is usuF&11,r accountod for by the fLot th..t in the., -,roc~ss
o iviag u, ono c-raif. of o;zygon, bariumn nitr. to absorbs 262 cal-
ori-s of heat enery. Theso 262 calories aro ,ntirely lost so
ia r :-ts flaric torna.er-turo is conecrn~d, and combustion is the rcby
r-Atarded to somae ext,:nt.

A~n atterm,:t wui-sq th-rEforG9j miada to Ec ~iv--te tho bL.riULt
nitr,tc by co-ting; thc. cryst,:ls Ajth A sunsitizing mAterial.
Th: ri:thoek uzud ':7as to dissolvo tUhj sonsitizor in uc~tori, -.i--sh
the b--,iuu nitr~,tc crysta ls Ath thu solu~ion, txnd th~n dry ther.
on the ste..ra 'Jath. A ijot. ssium poiin.cnt solution (0.4 ,)
,-:- usod in 371-D 1cnd 372-Dl, thjs( t Lixtur:,s diffcringz in, -the

-nul--tion of b-riuni nit-r to. Throe othtr £.i:,.turcs i:or'- ui-do

,-7-



373-fl, 374-Dp a±nd 375-D, in which 1% solutions of T.N.T., P*3*T*No
(,ritaorythrite tatrzenitrAtB)p 4nd picric ;icid w~ere usadl re-
spvctively. The93 fivo lots are identical in cou~ oeitiofl vith
tho b;sic fulrainate raei.-Aure, with 7ihich they should be coral-ar'ode
Tho results ;.r in Figures 2 and 3,

It is appar;Lnt at a Slance tha:t no improvomvnt has
bee;n rta-do. On thi. contrary, an unusw.1 numiber of squibs hz vo

..Y,.orod, and the hangrfircs and LLss _-u v _ry consp.uous. In
th.. lot throQ mixtures, uhoro or ,anic explosivos wore used us
snsitizors, a m: rkod droy in sensitivity has taken Alaco. This
is just tho rt:vcrs, of tho effect these materials ha-'v on chior-
ate cLiixture:s. It should' be no-Lody however, thc-.t tho;se five san-
sitizcd com- ositions wore loaiod dry, and ha.ve not boon tacted
as wet mixtvures.

4. Use of TL;tr~.ceno in Place- of iForcury Fulnmincatc

Thosc. -;:ho h-vo worked -uith tatracene (guanylinitros-
,wine u-nyltotr,; cone) in primors do not rccommnd its use LS a
substitut-., for ie~rcury fulrain.to. Nov, rhaloss, one wixture wias
pre.p,-red in wi-lich half the fiali:.te of the b.si6 353-D mixture
wi-s roplacod by totra.ceno. The, sonsitivity of the con-losition

'a.s 4jaenlyunim~air~,_, but in theic ha.ngfira tE.st, th'. shots
were ovenly distributed aroundl tllic entire dibc1, Liking it impos-
sible to racord F, '"roup" or "lz~ro". Figure 3 shows the form-.-

- ul. of this rixturo (354-W) and the results obtained. Tetracona
ii~ -,rof -rly use d enily .S a sensitize.r, and some results obtained
uein'-, t..rano in tis c-pacity will appozx laer.

5. Lo--.d Str: hnato) and Loazd Picr..to Lixturos

During recent yu~rs attention has boon brought once
more) to lcad sty-hnato as a prirni~oin. hshsbe
largoly duo -to the Rathsbur~ ;atonts (5) on totraccene mixtures
in which load styplaw.to is use d in ,lace of mercury fulm.inato.
Thu ncrm~l load salt of sty-,hnic acid is used, and this is prt.-
;.arA- by pr~.cipitaLing a solution of axouium styjhnat' --ith
1bad nitrato. Theo magnzesiuz ztyphnatec is iuade by alloviin-
L..~gnuziur, to rcact with a solution of stLYphnic acid, or trini.
troresorcinol. This ncthod ->rehits easy control of the crystal
siz.: of loutd sty:phnate , and is the gon.-r~ly favor;d procedure.

A sall quantity of load styphnatu was obtained from
tac :.1rminttn %.nes Corap~ny for :,xpuriuental yriwina compositions.
It was uzsed to,ut*hr wiAth mecrcury fulmin~ito in tw,-o Uextures,
38-D and 386-14, in order to discover whoth-ir a largG incroace
in th,. h,.,at of~ th, ,.rim,;r flame, .-.ould improve matters. It
should be pointed out that lead styphnt,p like mjrcury fulmin-
Ae, is in itsolf a high oxplosivuo Figure 4 sho-,s the rosults
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, On examining the sensitivity curves, 353-3-D appears
to be the most satisfactory. It is quite remarkable that
barium nitrate of 150/200 mash and antimony sulfide of 200/-
mesh should be the best granulations to use in this tyke of
mixture. 7hen the granulation of either of these ingredients is
changod, the sensitivity is a~preciably loruered, The least
30nsitive combination is 353.5-D# .,where both are 200/- mesh.
Lct 353-3-D also gave the most satisfactory hangfire tests
although a slight tendency to lag still exists.

7. Vhe Ratio Between Lead Sulfocyanide and Antimony
Sulfide

In the ba3ic 353-D irixture, the antimony sulfide,
lead sulfocyanide, and T.N.T. are comuonly regarded as fuels,
although some quetion might be rai~ed as to the exact function
of T.N.T. It is reajoriablep however, to view these materials
as being consumed in tha atmosphere of oxygen which the barium'
nitrate is sup,.osed to provide. It is, therefore, quite prob-
able that they ".ill not be of equal value as fuels, but that
one of them '.:ill be maore effective than the others.

In order to investigate this ?oint, a mixture was
•,-r3i.-ared j 378-D, which wus practically equivalent to 353-D
minus the lead sulfocyanide. A glance at Figure 6 shows that
the sensitivity has suffered a marked drop, and that the hang-
fire test is still very poor.

These results indicated that lead sulfocyanide may be
of considerable importance a a fuel. The proportion of lead
sulfoc-nide was, therefore, increased in 381-D, 381-W, 382-A,
and 382-W. The granulation of the barium nitrate and antimony
sulfide was altered in these mixtures to conform with 53- 3D,
in view of -he findings reported above concerning the optimum
gra nulation for these ingredients. Obviously, the mixtures
3UI°D and 382-D must be com.ared with 353-3-D, and in order to
com.are the wet mixtures 381-I ani 362-- with 353-3-D, this
com position was loaded wet, giving 353-3-J. In fi~ures 7 and
6 will be found these six lots, three wet and three dry, show-
in the effect of increasing the lead sull'ocyanide from 5% to
1 and 15%p the anti.ony sulfide bein4 decreased correspondingly.

Iq 353-3 and 381, the ':et mixtures are senvwhat more
sensitive than the dry 4ixturesp but in 362 both not and dry
*..ixtures are equally sensitive. By couparing the numiber of
squibap lags, and hanjiras from these six lots, an intor;sting
point can be made.
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Table 1.

qNl~i P ~ mire 1*1J&

5 0 6 11 1
10 0 0 0 1
15 0 3 1 4

It is plainly seen from Table 1 that the functioning
of the wet mixtures is improved by increasing the amount of
sulfocyanide resent, while the dry -Jxtures tend to grow worse.
This is an inte:estinv result for ,vhich no explanation has beer
found.

Some doubt began to be felt at this ti,,: about the
actual value of antimony sulfide in this type of priwer. So
another corm;osition was loadd, both wet and dry, containing
no antimon- at all. The T.N.T. was also owitted, since pre-
vious exjerirents 1.ad! shown it to tend to desensitize this
tyje of priain-, coraosition. The fulminate was maintained at
3&/, and an approximate oxygen balance was held between the
barium nitrate and lead sulfocyanide. The mixtures are 396-D
and 391-4.

The results in Figure 8 show, a striking difference
between the -Jet and dry mixtures. The hangfire test on 396-D
wias discontinued after 75 rounds, since no soo or group could
be recorded. One lai at 280 was recorded for 396-1. The low-
er sensitivity of 396-Wat 10" and 15" may be discounted, for an
excessive a 1ount of gum had been used in ixing, and the V.ellets
were unusually hrd.

The results from this series of primino, nixtures seem-
ed to indicate that fulminaLe compositions of high aulfocyanide
content could be edsily sensitized merely by wet mixing. It
was, therefore, decided to try sorae cozpositions containing
less wercury fulminate. Uixture 389 was prepared vith 20%
fulminate, the ratio between barium nitrate and lead sulfocyanide
being adjusted for oxygen b~lance. This composition, whon
loaded ',et and dry, showied in even moro Liarked dogreo the -en-
sitising effe;ct of w~t mixing. Figure 9 shows the results for
389-V and 369-D. No lass or hangfires were obtained with 389-W.
It should be noted, however, tat one squib was produced in the
dro. test at 8', indicating that the lower limit for mercury
fulminate content had'; robably been reached.

I In order to obtain a series of rriming compositio3'n
shoving fully the effect of varying the quantity of mercury fuJ-

- 11 -
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m.inate presents t-;o core L-xtures were 1 repareds 401-'J# with
15% fulminate, and 402-14, with 2b+ fulminate. These were
not lo4ded dry, since the difference between dry and wet load-
in& for this type of coiaposition had been well demonstrated,
and it was known that dry loading would only result in squibs
and hangfires. It a..:ears immediately froa Figure 9 that 15,1-
aercury fulminate is entirely too low, and that 20% is, as
su-mised, the lower limit for this ingredient. On the other
handl the 25% fulminate mixture (402-.) functioned better th.n
either the 20% (380-W) or the 30 (396-W) mixture (Figures 8 and
9'. The 6roup and the zero of the 25. mixture are so-.e-ihat
siailer than the group and zero of the 20% and 30% mixtures.
Furthermore, 402-;4 shows no squibs and no la,s or hantfires.
Sv".dently, this tyye of three-component mixture functions best
with 20% - 25% aercury fulminate. Its functioning at this
;)int is collerable with that of the standaLrd F.A. 70.

8. Zirconium Mixtures

During recent months the use of uetallic zirconium
in -Iiin6 coi.:ositions h~s been ,iven serious consideration.
This inetal is 'now available in a finely ioadered form in ton-
na, e l ot , nd at lea.st one loadin6 coip'any hus made extensive
en. eriments with it. Accordin6ly, the investigation of this
t~terial s a priLiin- ingredient WLs begun at Frankford
Arsenal, and 'the results on sixteen compositions are given
below.

Previous exiori aests have shown that the 353-3-4
coi-xosition is *~ror~ssively improved by the substitution of
lead sul'ocyanide for antimony sulfide. The sawe procedure "LiaS
3L,, lied in te3tin., zirzoniura, the first mixture prepared Jas
eauiva.lent to 353-3-.1 with half the antimony sulfide replaced
by zirconium. This .ixture is known as 391-4, and the results
-re given in Figure 6 in com+.aria n with 353-3-W. A-marked rise
in the sensitivity curve can be seen as well as a decrease in the
number of lcgs and hingfires.

A series of mixtures -vhs next prepared in *hich the
zirconium ias proiressively increased, and the antimony sulfide
entirely eliminated. The .-ercvry fulminate ;as maint..ined t
20., nd the bariua nitrate and leud sulfocyanide w:ere adjustad
to give n oxygen balance with the zirconium.. Coimplete details
o: the results Nill '.e found in Figurer 9, 10, and 11, but T-ble
2 -ill be found more convenient for cozi.arinr the results of
the hnfire tests.

A

- 12 -
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110

bl)- iO -

22

5 leaky primer*.

408-W

CO0~C2  3/- 20 25 R 2 G .L

Ba (N:~) 0 C/ 75 45 -

Pb(:.fl I'cC.- 4

6 leaky pzimwr.

3a~)..~0;- 4.b100 420 80
100. 400 100

Zr -

8 leaky PrSiiers.

4C? W

ia(N03 ) 200/- 42.e T5 450 go -

Zr 200/-r 37.2

0 104k gie.
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HgOC) O/- a,,%

Zr. Pv(O) Rd..

0 32.5 389-W 100 45, 100 none none
100 470 110 I t

5 29.1 393-V 100 450 150 of

100 460 100 " I

10 24.6 403-'S 75 420 80 ,t

75 426 80 " "

15 20.0 404-11 75 42p  100 it

75 450 40 of

20 15.5 394-7.7 100 420 60 0 "

100 420 60 " t

25 11.0 408-W 75 450 60 " "
43 450 50  It

30 6.5 3V5-W 100 420 80 " 0

100 400 100 " "

37.2 0.0 407-W 75 450 90 " "
49 450 80 t I

The functioning of these mixtures is similar to the functioning
of 369-W, th b,,sic com.-osition for this series (see Figure 9).
A noticeable nzarrowiu, of the .rou. occurs as the zirconium reach-

8 i %, but at 30l and 37.2 somewhat broader grouls cAn be
observed. Ho,::ever, this effect is not conclusive, and too
much im.ortance should no be attached to it. The sensitivity
shows a general tendency to decrease as the Zirconium content

incrc 6 ss lthough this i,4y be due to the extreme fieness of
the zirconium po,.der. It is interosting to note in Figure 10
tht In attemt to load the 5; zirconium mixture dry (393-D)
• ias quite unsuccessful. The sensitizing effect of wiet loading
is very ayparent in this ty.e of i ixture.

The 10j" and 20. zirconium mixtures -aere used in another
s~ries of tests o determine -*hether the amount of mercury
fulminate usad could be chan6 ed with advantage. The results
obtained by varying the fulminate from 15Z to 25% on the 10%

4"nd 20% zirconium mixtures are given in Figures 10, 11, 12# and
13. The results of the hanfire tests are tabulated in Table 3,

13
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k Pb(SCNj 2  200/- 13.6 _ F _ 75 4O a 23'
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Table 3.

Zirconium u 0

_ . Lot No. Ads. Fired JgE2 Grouo Lage hrfires

15 409-W 75 470 60 none none
48 470 70 "

20 403-wi 75 420 80  "t

75 420 80 " "

25 410-W 75 450 80

49 450 90

Zirconium -201.

15 411-- 75 420  15 0 900 2800
75 420 140 300 3000
75 a 0  ii°  160
75 40,0 130

20 34-1, 100 'i20  60 none none
100 420 60 " "

25 412-W7 75 400 130 190

75 420 130
75 460 100 230 3350
75 480 100

App. arently the 101. zirconium mixture is unaffucted by relatively
wide c>.nies in the fulminate content. On the other hand, la's
and hangfires aro vcry cons,,icuous when the fulniinate is incres-
3ed or decre- jd in the 20,o zirconiu; i mixture. The inrica tionE
,re that in this ty, e of co.,. osition the best perf or) ance cor-
responds to a certuin critical "concentration" of fulminate, and
"i-." functioning is seriously imn,:airod by incruvosing or cd:;crecsin;
this concontration.

The effect of chnjing the ranul tion of the barium
nitr!te in zirconium nixturos w. s investigatbd for 403- T and
35'-J. Lots 419-I nd 420-.1 woro -roparid identical in compos-
it ion •ith 403-W, .uxcoat th~.t 150/200 and 100/150 barium nitrate
wNs used, rosj-oc'ivly. The r~aults in Figure 14 show that
barium nitr.;A6 coarser than 200/- cannot be used in 403-J.
SiuilZrly, a i.ixturo known as 421-1 'rs -.repared identical ith
3C4-", except that 150/200 barium nitratu w s used. 4Iain, the
results in Figure 15 show that very fine barium nitrate is

-14-
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neoesseary for this type of oomposition.

It is interesting to note that the sensitivity curves
for these three mixtures show them to be somewhat more sensitive
than their -arent mixtures at 6" and 8"; but at 10' two of the
mixtures (420-17 and 421-W) are les sensitive than the parent
mixtures. As a matter of factt all three mixtures were less
sensitive than their parent mixtures under full machine gun
action, for in the hangfire test four misfires were recorded for
419-1 and 420-W and five misfires for 421-W.

The tendency toward leaky primers is characteristic
of zirconium mixtures containing more than 10% of this metal.
This is a serious defect which would have to be eliminated
before this type of mixture could be considered for service
ammunition.

9. Varying the Granulation of the Uercury Fulminate

It has been known for some time that coarse mercury
fulminate is more sensitive to impact than fine fulminate (I).
This, of coursep applies only to the pure material. To determine
whether the same rule applies to mercury fulminate priming mix-
turesp it was decided to load 353-3 both wet and dry with 150/-
fulminate instead of the 80/- material. The resulting two
mixtures are known as 353-6-D and 353-6-W, and the data obtained
with them are given in Figure 16 in comparison with 353-3-D and
353-3-1.

The sensitivity of the wet mixture of 150/- mosh ful-
minate shows a slight increase at 4", although this is not nec-
essarily significant. The squibs obtained with the dry 80/-
mesh mercury fulminate mixture show up again in the dry 150/-
mesh fulwinate mixture. Furthermore, the sensitivity of the
dry mixture of 150/- mesh fulminate has dropped to a very marked
degree at 6" and 8". The hangfire tests show that both 150/-
mesh mixtures are distinctly inferior to thieir parent mixtures.

The next experiments along this line viere made on 401-,
389-Vi, and 402-W which represent, in the order given, a mercury
fulminate content of 15:, aoj and 25%p 80/- material being used
on all throe. Six new compositions were prepared by using 80/150
and 150/- fulminate in each of these three mixtures in place of
the 80/- materials The relation between those six lots and the
three parent mixtures from which they derived is shown in Tablo
4.

-15
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W16le4.
nma .tio of fulminate

Fulminat e W~ so/. WAO 1§.0/=

15 401-. 413-4 414-1
20 389.-.1 415-4 416--1
25 402--1 417-W 418-4

Tho results given in Figures 17, 18 and 19 show
clearly that the sensitiv4e,, of the 15% and 20% fuLainate coi.s°
positions is very much lower when either fine or coarse fulmiAate
is used exclusively. In the drop test, 413-W and 414-17 roduced
more squibs than fired rLaers. Lets 415-'1 and 416-W were also
very poor in the dro; test when co.;,ared with 38-h The general
performance improves, however, as the mercury fulr.inate is
increased, and in 417-. and 418-1 the dro.: test was considered
good enough to warrant a h;ngfire test. But even 417-W and 418-1
showed a soaewhat lower sensitivity than 402-4, from which they
ware derived.

The hangfire results on 417-,,; and 418-4 are unfavor-
able, whereas the parent mixt,..re, 402-, functioned satisfactorily.

It AIll be noted that the proportions of barium nitrate
and lead sulfocyanide used in 413-., 414-d, 415-W, and 416-1
are not quite the same "s in 401-W and 389-., with which they
have been cowipared. This is due to an error in weihing, but
it is riot c6nsidered seious enough to invalidate the comparison
or the conclusions to be drawn from the results.

Fotassiu Chlorate Com.iositions

1. Pretreatment of Fotassium Chlorate

Experiments on the iretre.Atment or activation of
bariur, nitrate in fulzinate coL. ositions have already been de-
Pcribed. The same kind of ex eri ent was iw.de on the F.A. 70
co,.iosition, in which the -otassiL2 chlorate was washed with
0.2, IC'nO4 in acetone and then dried on the water bath. Thi3
raixture is kno-in as 370-i, the results of which appear in Figure
20 in com-arison iith F.A. 70.

The sensitivity of 370-I a :;ears to have dro.,ed
sli:htly at 10". Otherwise very little effl-ct can be noted.
The s o.e"ihat smaller arau. and lover zero of 370-*I are not
decisive, since the .rou for F.A. 70 may vary frow. 40 to 7)
and the zero from 44 6 to 470.

Unless otherwise indicated, the granulation of in-

..16 -



gredients in chlorate compositions is the same as required by
specifications for the F.A.70 couxositiong listed on Page 31.

2. Tetracene Uixtures

Tetracene was used as a sensitizer in two chlorate
mixture3, wYith and without T.N.T. The results are given in
Figure 20 under 356-11 and 357-W,

As shown by 357-4, tetracene cannot be used as a
substitute for T.N.T. in chlorate mixtures. The sensitivity
curve shows a markEd dro at 10", ahile the hai~fire test is
unaffected. For 356-;I, where both T.N.T. and tetracene were
used, there is no noticedble change in either drok test or
hangfire teat.

Two additional uixtures were prepared conataining l0i
and lr' tetracene, but it "c s found impossible to rub them into
the charging plates projperly. Tatracene is an extremely fine,
bulky zaterial, and the mixtures formed a mush when moistened
with gum solution. Experiments with tetracene in the F.A. 70
mixture have been abandoned.

3. Va ryinth.e .Granulation of the Potassiuv Chlorate and .
Ant Lony Sulfide

Specifications for the F.A.70 prining composition
require that the sieve fractions for each ingredient shall be as
fo] lows s

Potassium Chlor.te.

Throu-h 80 mesh sieve,- At least

" 150 " - Approximately 50%
200 " " - ilot more than 20$

Ant ii.;noy $ulfidi

Throush 100 .esh, on 150 :esh,- 33.3;
" 150 " " 200 " - 33.3/.

200 "------------- 3...... 33.M/

Uad Sulf ocyanide.

Through 150 mesh sieve,- l00

" 200 " " - at least 951

Trinitrotoluol (T.N,T) i

Through 100 mesh sieve,- 104

-17 -
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j cco: il, to these requirements, some variation is
allowed ir the sieve fractions 150/200 and 200/- for the potassium
Ohlorate. To deternine the effect such a variation might have
on the functioning of the ;rimer, nine mixtures were prepared.
The granulation of both potassium ohler~te and antimony sulfide
were varied through three sieve fractions. 100/150, 150/200,
and 200/4, all nine of the possible combinations being used.
The Tranulation of the lead sulfocyanide and T.N.T. was const,.nt
and the com-,osition of the mixtur6 was equivalent to the F.".70.
Turning to Fi~ure: 21, 22, and 23, Lots 379-'J to 379-9-W, it .All
be seen that it ig difficult to draw any -t init conclusions
fro either the dro,-test or the hanfire test. The slilht
differences shown b-; tha nine i>.itures are no greater than the
variations encountered in daily -roduction where the gr,.nulations
-Are cor. arativelv constnt. In the drog list, all nine mixtures
fiied at 10" and failed at 4". In the han fire tests, the groups
vwried from 40 to 8e and the zeros from 42 to 480.

This is a rearkable result in view of the ide range
in t e -'ranulctions. However, iii the light of some later
e;)eriments, the explanation is quite simple. These experiments
to be described lter, indic-te that igftion g..
the ?.A. 70 cotiosi.ion be-ins between the potassiuu chlorate
and lead sulfocyanide. The flame from those two inLrodionts
s1r,ds ia:idl; throuLh the pellet, andi is only in the
l.ter st4,es oi co-ustion that ths antiwony sulfide becones
involved. Th.us the *.ranulation of the antimony sulfide can
hardly influence the functioning of the primer to any great
e;xtent, ,ithin a reasonable range of granulation. The *otassium
chlorate, on the other hand, dissolves in the gum solution, and
when the rai:ture ii finally dried, the chlorate crystallizes out
in the form of excesdin~ly fine crysil . The ruuult of this

i that each -:article of material in the -.ellot is oncasad in a
filL of dry itum co-tcaiing fine crystals of chloi-Ate. It is .lain
thon, tht~ the granulation of the chlorcte in contact with the
le. . sulfocyranide is fairly constd.nt, no i.-atter how the granul-
ation is chosen before r:.ixin-. : -3refore, in all of the nine
Lvixtur~s - re-ared, the jranlations of the tw;o aterials w;hichi
lLr ly govern sensitivity and speed of coi.buution aere not
v.riod at Jil. The coast, ncl of the re-ults confirius this viei.

3ome interestin rc-ults were obtainod by varying
the rinul.. ions of th- iotd5Aiu. chlor~te and anti;.ony sulfide
in dr' mixtures of the f.A. 70. It is 1lin that the results
liven in Fijure 23, Lots 360-D, 3EO-2-D, and 380-3-D, sho,)
the effects uf dry lo'ding rather thn the effects of chances in
granulation. L,.s Und hangfires are much in evidence and the
jSrou --s lave broadened considerably. The ballistic excellence of
the F., 4 . 70 is evidently dependent upon wet loadin6.
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4. r~eRltv ,otneo -niiaSlieadLa

The interesting results obtained by eliminating an-
timony sulfide from mercury fulminate compositions led to some
similar experiments with the F.Ao 70 coposition. iixtures
397-W and 397-2-W contain only potassium chlorate, lead sulfoc-
yanidop and T.NdR. The chlorate in 397-' is finer than in
397-2-1, and contrary to the results obtained with the 397
series of mixtures, a definite drop in sensitivity at 10" and 8"
occurs in the wixture containing the coarser chlorate. The
reiults are given in Figure 24.

Two additional mixtures were prepared vithout T.F.T.,
containing only potassium chlorate and lead sulfocyanide. Fine
chlorata was usod in 398-WJ, and soce-.hat coarser chlorate in
396-2-'J. Agdinp a drop in sensitivity at 10" and 8" occurs in
the ixture containing the coarser chlorzte (Figure 24). The
sensitizing effect of T.N.T. on otassium chlorate is at once
a-paront on co..paring 398-1 with 397-W and 396-2-4 with 397-2-41o

The groups from h hangfir3 test on 398-4 are some-
wh.t broad, but othervise the functioning is good on all four
of these U7tures from -hich the antimony sulfiao has been
eliminited. The han"fire tosts on 397-i 397-2-4p and 398-2-1
are quite s good as the hanfire tests on F.A, 70 from daily
product ion.

So far, exnorir.cnts with both chlorate priimers and
ful-:inate ;rimers indicate that lead sulfocyanide is of groator
vlue as a fuel than antimony sulfide. In order to teat this
i1ou further, t7'o additional miytu)rC3 '.::re proparod, 405*7 con-
taining potassiu chlorat-#, &nimony sulfide, and T.N.T., and
406-1 containing only .otassium chlorate and Antimony sulfide.
It can be judged from Figure 25 how very insensitive thts;
coi,.,ositions Are. But oven in thes3 nixtur's, the r..arked
sensitizin, effect of TN.T. on iotassium chlorate is ap.parent.
It should bo noted that 406-J is very nearly the same as the
;riaitic mixture used by Dreyso a hundred ye.rs ago.

The uni:.* orti.nce of antimony sul'ido as a ful vs
indicated soveral years ago by the experiLOntS of A. S. Cushmdn
(8) in which it %,,s found that lud and iron sulfides could
bc succossfully substituted for stibnite. However, the full
mranin6 of this hig-hly suS.;tive result esca od notice, .nd
little sffort has ben Lade to use a dofinite choldical coL.-

found in *lice of h ;;inoril of uncertai. -rooertios.
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M__no orrosive_.No-fulm~nte. opitio

1.. Riattsbur omosition

The Rathsburg yatents mentioned 1reviously (f) have
recently revived interest iin noncorrosive comlositions contaiaing
no mercury fulzinate. These cor.ositions dellend princil:ally
(,n the normal lead salt of trinitroresorcinal, or styhnoc acid
for their effectiveness, and it is specified that tetr.cene
(Su&nyinitrosaminoguanyl tetr.cene) be used in small quantities
to sensitize the ;ixtures .roierly. L3ad stypln:te is rel-
atively insensitive when used in ordinary jroortions (30/. to
4M,) in barium nitrate mixtures.

It has been shown that tetracene is not an initiator
in Jriiin, co =-ositions in the aense that mercury fuluinate
is an initiitor. It has also been shovin that tetracene will
not sei sitize ;otasium chlorate coLositions in the vay T.: T.T.
sensitizss them. It was, therefore, co.sidered desirable to
exai:,ine the "ro' erties of tetracene in lead styhnate mixtures.
The lead sty-:hnate used in the experiments was furnished by the
Reizin~ton Arms Co. Apparently, it hd been j.re~ared from magnesium
sty-hnat: and lead nitrate, as it had the charzcteristic brown,
sandy a,earance -vhich this n:ethod of preparation gives it.
T-o Yixtures .ere repared after the formula given in the Raths-
burg 1:atentp in one of which the tetrz.cene had been omitted.
Each of these ":as loaded both we and dry, so that a tntal
of four com. ositions uere studied. Figure 26 shows the results
from 386-W and 386-D ("-ith tetracene) and 387-w and 387-D
(without tetracene.).

The remarkable effect of only 3% tetracene is at once
evident. The mixtures .-ithout tetracene viere so insevitive,
tL hans-fire test was omitted. The deleterious effect of wet
loadin, on lead sty hnatE ,i:turea is again apparent in both
385 and 387. This effect had been observed y:reviously in
fuliainzte uixtures containin& lead styjhacte (see 386-D and
366-d, Fig. 4).

The siL.ilarity betVeen lead styihnate and lead Uic-
rate suggested that the latter compound might serve in this type
of co"osition. Accordingly, lots 38 and 387 were duplicated
u3inb bdsic lead iicrate in lace of lead styphnate. These
zixtures -ere also loaded et and dry. As shown in Fi~,ure 27,
360-1 and 360-D -ere repared with 3% tetracune, and 363-W and
363-D contained no tetracene.

The sensitizing action of tetracene is aain very
ronounced. Furthermore, the desensitising erfect of -jot loading

-20-
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It is not kno-,7n a3hethor the fLme flashing out in all directions
from under the anvil poiit is comiunicated to the remainder of
the ;ellot or not. It is quite :robable that the mechanical
force of th4 flmo from under the anvil ;-oint moroly shatters
the rest of' thii pellet and blo':'s the ingradioeits out throug;h tho
flash holo into the cartridge. In this case the individual.
particlas would undoubtodly derivo considerable hoat from the
flam~e, and iiht I-lay an i-,- ortant art in ignitina tie D:ov-der
chzr, r. At any r_-ta, it is certain that particles of solid or
L0~1t,.; mrtorial are 6.lways ejected by prirnorsp for they can bb
c,.u ' ht u-,on wricroscope slides wnd examrined. Tho number of

i~rticlas or droplets and their degr~e of subdivi.sion v, ry wvith
difforont priorap, ,nd 5ow.eti1..os in the sa~io jrianer. These
,"rticles Lu-y or may not, according to thcir size, roach the

taei oraturo of thj hot __asos cou~ riain& the flame.

Tho b-1listic iropertios of :z given 1.riL~r will
da, end ultii;nktoly on tho nuriber of : o;ador grains iknitcd by the

~rimor. x-ourim ;nts orth duimlay ow~dur showi clearly that, in
mo~st cas..sp about onu third of all the jpo.:dor gruins in o30
ca liber .wunitioii ar- i-aiited dir ,culy by the prim-or. The ro-

Siin Y~otid fte~rains are ignitod by the flameo from
thros3. It is clear, then, that if' a given ,zimer ignites only
on.: sixth of the charge, thore All be a praatur delay in tho
co-.bustion of thc c1Lr,-- than if ono third had boon ignited.
This is, --cirhajps, the ruost Iausiblo oxzlanatioa or hangfiras.

Granulation

It is vory n~.coss~ry to str_ r tha id ,a that primur
fl~ios uro th. r,..Sult ofi2 ray-id burning r tUh -r than detonation.
Priv~ors that dcjtocte arc; uns. rviCGebla in that the cup~ is
usually blown back a,7&inEt th, hoad of the bolt, and le aks day-
olol; around tho rimor pocket, 1Lrdly any "sot-bock" can be
obscrv,;d Ath :-rL.11or thit function proiorly, and so it is
assumed that combustion in this case is considerably slo.7erp
cpiz~oachin,., tho *, rogrcssivc buraing" of siaokoloss po~jdcrs.
Furt'r~r.aore% the duration of priimor comloustion is of the order of
1o" 3 to 10,0 seconds, and this cortainly rule s out detonation
-;henoiacna.

3j~&ll rns c.-itiona "~r,; ssontially in-
f1.~..raablo :iiztur.js ser.3itivu to ivriuct. Tlia chi-.f roaction tha"t
occurB in -11 ordin-.r,' prLmcrs svr~s to be oxidAt-io± of the,
"fu-AS" by t"'1 oxi .zing iwlt. The cor.oi- fuols zw a;Aicny
sulific .; .-nd thu.; suli'ocyanid.s of hoe vy uats, oxidizin" s..lts
include, chilflyy o-_szu chlorate, barix. nitratop and so.40-
tiLz.s i jroxid,;a of wrious motals. From hecho~.ical n..turo of
t:'-.c oxi.izsr3 . nd fueslsp i-U' is A.arientf the~n, that they :.re in
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tho;solvos non-6xplosivo under i-act. It is, thorjforo, roas-
on-Elj to assume that the sensitivity of a riring composition
resides in the interface between the ;articles of fuel and
oxidizer. Combustion of the primer pellet must ori6inate some-
where in the surface separating the fuel and oxidizer. Granting
this, it is obvious that the flame must be propaat3d along this
in,.erface as the lollet is consumedl and that the speed of
coi.bustion of the pellet may ,ossibly be controlled by regulating
the area of contact between fuel and oxidizer.

To clarify this idea still further, it is iiteresting
to consider a mixture of one gram molecule of lead nitrate
(oxidizer) and one gram Laolecule of resorcinol (fuel). The ex-
trewe li~mit of coarseness for a mixture of these materials is
re-:reaented in Figure 28a by a single crystal of lead nitrate ll-
acid against a single crystal of resorcinol. Considering the
masses re,1resented in the illustrLtions, which have been drawn to
scale, the area in contact is small. But by cuttin- each crystal
in two, and rearranging as in Figure 26b, the contact area has
been trebled. The process of subdivision as shown in Figures 28c
and d naturally results in a rapid increase in contact area and
a corresponding increase in the rate of reaction between the
two substances. Theoretically, the degree of subdivision might
extend all the waay through the region of colloids into molecular
dimensions, ;,here the ultimate of fineness would be reached. As
a matter of f ct, these regions of fine dispersion are quite
attainable, and sorne very interesting work might be done invest-
igating the prolerties of priming compositions coi,;posed of inor,-
anic colloids. In the case of lead nitrate and resorcinol, the
ultimate degree of intimate mixing could be reached, of courec,
b actually allowing the two to combine under suitable conditions,
forming one molecule of lead dinitroresorcinol and eli.inating two
moleculgs of ;;ater. In this substance, showm structurally in
Fi,,ure 26e, the o.-idizint; part of the lead nitrate i.olecule has
;c ually been attached to the resorcinol ring, and the result is,
of cotrue, -. highly axplosive co ,.;ound. In doin6 this, though,
the identity of the origal ingredients has been lost, and it
wotLL be ruite incorrect to szy that lead dinitrorezorcinol is
an inti.ate Uixture of lead nitrate and resorcinol. It is ia-
structive, however, to follow the 6ranulation from eztreme
coarseness to extreme fineness, and to see how the rea in con-
t..ct and the rzoctivity increase ith the deoree of subdivision.

It is believed that this accounts in laroe measure.for
t::s ,.ny leaky primers cau3ed by certain zirconiun raixtures. The
zirconiuv. used in thtse mixturus came in the form of an extraor-
dinarily fine jo-.der, and its s9,eed of co;.bustion when Lixed ,ith
bri,.-., nitrate .&ts very hitch. Ho-iever, the fact should not be
overlooked that zirconium has a very high heat oAC cobustion,
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and this factor probably contributed appreciably to the violence
of the zirconium primers.

From the foregoing it is evident that the interfacial
area between the two ingredients of a binary mixture will be det-
ermined by the surface area of the coarser ingredient, i.e., the
ingredient of smaller surface arua. If, then, the 6ranulation of
the oxidizer is &iven, there is no need to grind the fuel finer
than that granulation giving the salue 3urface area as the o:-id-
izer. The rate of combustion will increase up to the point where
the fuel prese:ts th5 sare surface area as the oxidizer, beyond
tat point continued grinding of the fuel should not affect the
rate of coubustion. On the other hand, if the fuel is ground
very much finer tlin is necessary for a given fineness of
oxidizer, a loss of sensitivity to ipact may easily result.
Br :rin-ing the fuel too fine, some of the fuel crystals will be
in contact ,ith each other, the excess surface area of the fuel
will be in contact with itself, so to speak. Some of the energy
of ilm act -ill then be absorbed by the sliding of fuel crystals
ovcr ech other, nd there will be less energy ailable for
the sliding of fuel crystals over oxidizer crystals. Since ignit-
ion occurs only in the latter circuxastance, it is plain that a
loss of sensitivity should result "hen one of the ingrodients io
ground too fine. For a given ,iture of fuel and oxidizer, then,
there is a certain optiuia ratio -.-hich tho particle size of one
should bear to the -article iize of the other. i'his ratio can
be calculated from the total volumes of the ingredients by let-
ting

V0 0 total volume of oxidizer,

V, 0 total volume of 2uel,
f\

do z mesn diam.eter of oxidizer crysts,

df" mean diameter of fuel crystals.

If all the oxidizer crystals are of the same size and shape, than,

the volume of each oxidizer crystl 2 Ked0
3, and the area of

each o:.idizer cryst2l 0 KdO , both Ko nd k e derending
on the shape of thu iarticle. Therefore, the tot..l iurface

area cf t'e oxidizer -ill be

So -Vo kodo2 a koV0

In the s-.,e -:-y, the "_-.ra of the fuel ".ill be
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kfVf
Sf 3

Kfdf

Both Kf and kf depend on the shae of the :articles of fuel,
and are not necessarily the sume as K. and ko .

When the surface areas of oxidizer and fuel aru the
same,

k ov°  K Vf

Kodo  Kfdf

and the ratio of the particle diameters will be

d. KfV 0

df Ko qVf

Consider a mixture of 52 gms. potassiu, chlorate and
48 gias. antimony sulfide. If the particles of both ingredients
have the same shape, the constants Kf, K0, kf, and k. cancel)
and the particle sizes will be in the same ratio as the volumes
of the ingredients. Since the density of potassium chlorate is
2.32 an'. density of antimony sulfide is 4.65, it follows that

S52 
2.17df (2.32)( 48)

In wost cases, the articles of priming ingredients
do not have the samie sha, e, and the coefficients of Equation 1
do 4ct cancel. It should be noted also that Equation I says
nothing about the absolute fineness of mixtures, it merely gives
the ratio between iarticle sizes corresi:onding to xaximum
sensitivity to iL, act, whatever the granulation may be. Theo-
reticallythe absolute fineness should affect only the speed of
co:nbustion, -a shown ireviously.

Some interestin. roj3rties ctn be deduced from a
binary mixture in which the iarticle size ratio does not satisfy
Equation.i. In such a raixture, one of the inoredients has been
ground too fine, and its c'uf-.ce is 6rater than the surface of
the other ingrediet." Using the same symbols as before, the
totl surface of the mixture will be

A So 4 * f
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Now, if SSo, the amount of fuel surface in contact Aith
oyidizer 5urface will be equal to Lhe oxidizer surface. There-
fore, the total extent of contact between fuel and oxidizer will
be equal to 2S0 . The difference

( Sf) - 2s,
or Sf " 00

re:resent3 the e.:cess surfach of the fuel not in contact w'ith the
oxidizer. The 2r~ction of the total surface of the mixture exist-
in5 as contuct surface between fuel and oxidizer can be ex,%rossed

F a 2S _ when SfS o .- - - - - - - - - (2)
So + 8f

or F a 2j when Sf<S o --------- (3)
so * S f

Ret'-rn~: to the .i:.turE in .'hih the fuel .vc:s aro.nd
too fine, it is seen that Lquation 2 applies, since Sf> 3 o . If
now, - coarser 5ranul~iioL of fuel be substituted, Sf will d3craase

and F.will increase until, when 6f 6 So, F 0 1, and optiniui,i
ratio will have been roached. If still coarse:r fuel is now
introduced, equation 3 a; l:ies, since Sf<50. The same order of
.Afoct. might have been obtained had a finer granulation of ox-
idizer been introduced.

Figure 2S shows ora.hi clly the wa; in '-hich the
* article size ratio :.ffects the extent of contact between fuel
and oxidizer. Values of F ex~rzs ed in ior cent .re used as
orLinates, and the ratios of do/df have been used us absiscao.
fLe optimu-, value of do/df for each imixture ak.er.rs a , a maximt.m
in F t %zhich F a 100% as required by Lquation 1. The curve to
the left of u-ch imiaximura re resents Equation 2; to th* ri,-,ht,
.qt.tion 3.

In most -riiiing coii ositions an a 1rroximate "oxygen
bnl-nco" is mLtintained betwoen fuels and oxidizers, so th,t U
r.cximum of hoe.t m.y be obt:*Liod from the limited volume of tho

Sri. r .ollet. It becomos interosting, then, to discov3r how
th,- o ti.u., value of d/df varits with difforent iairs of oxid-
izers und futls takon in stoicaionetric cropoortions. Table 5
sho';s c-.lculted values of ,.-rticle size ratio when t:.e fuel aiid
oxiAzer surf c-s in contnct are 100% of tha to-L.l surface.
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optimum Particle Bias Ratios do,/ d,

KC103  BR(IX3 )2 Sr(ClO3)2 Pb(1103)2 In BaCrO*

8b2S 2.17 1.98 1.75 1.80 3.14 4.63
Pbf$CN)2  1.87 1.71 1.51 1.55 2.71 4.00
CuSCN 2.06 1.89 1.66 1.71. 2.99 4.41
ZnS 2.22 2.03 1.78 1.84 3.21 4.74
6 2.23 2.08 1.83 1.88 3.29 4.85
Zr 2.48 2.23 2.00 2.05 3.59 5.29

The optimtua particle size ratios in Tuble 5 represent
thirty-six binary mixtures of oxidizers and fuels, taken in,
stoichiom,.tric roj~ortions. It w'ill be noted that tho values in
,11 cases c;re ,rcater than one, which means that the oxidizer
must be co:zrser than tho fuel for iaaximn aensitivity. Moreovor,
tho r.tios for the coin .only used ingredients lie between 1.5 and
2.5p .a fairly narrow range. In the case of bulk' oxidizers
(PbO2 and BaCr04) and dense fuuls (Zr), thu ratios may incroase
to 4 or 5.

It is believed that much Loportant wnork might be dono
vorifying the theory of granulation ox,-. -1riment ally. The sovoral
mixturos described under ExciotQ o~sl~ which vero
intended to show the offocts of' changes in granul:~ion w, re
inconclusive, since many disturbing factors wore, present. Wfhat
is no,.ded is a dotormin-;A ion of spoed of combustion and s~nsit-
ivity to impact Of simple binary mixturus. In this connection
it is boliovc:A that the Kaost fertile field of Qx,:erimentation would
L3 the region of micr oscopic powdursp ie., povders. finer than
200 mesh. Po;;ders in this region ca!n be ccuratoly soparated and
gradad iithin quite narro .'. limito o; gr, .nultion, using an air
sepur~tor sir:il:,r to tho one designod by Roller (1). Th,; field of
colloid..l Ii.i ez:sions clso proiises to be of interest in -,rimter
dovtlo;:ment. Thu. use of inorgcanic colloids in priming coi.iosition5
would tr:.nsform ignition systomg in a ' very litoral senao from
thi- "black ,-ovider clss' into tha "smokeless powder claims" at
oxiylozivesa. There is no intention hare of birrinl, org_-nic
coL.,ounds f rom the scene; their value as su'Cstitut.,s f or inorganic
s:.lts sirm ly has not mattrializod.

The um solution usc4 in wat loading Lkrobably plays
:.n iL.ortarit part in altering tho branula-tion of tho soluble
corArtituonta. Th~i s-Its dissolved 11), thj (,um a-ro deposited Fs ;ox-
coedingly fine crysta--ls -::bin the iollot is drie.d , and thO~Ug bein&
in int...-tj contct with the fuels, maust affect th.; o..bustion
of th(e icllat to so... extant. Strangely onou~hp thj dried gun
cont~ining yotassaiuL. chlorato crystals is vcr, difficult to i-nita
-,vin with aBuis~n flaue. So thA tho itself is of littl"
valul as a fuel in starting ig;nition.
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The method used for dateruiniin the surface area of
pariders iill be described briefly. It is assumed in all oases
thA the generol shape of the rurticle is ;.n ellipsoid of three
unequal axesq axb-,c. Jhen the LtCrial is sprinkled on a micro-
sco. e slide, it is evident that the individual pa-ticles will be
arranged .ith their shortest dimension, the c axis, perpendicular
to the slide, this bein; the stable position for an ellipsoid ct
rest. It is quite simile then to measure the a and b axes with a
filar micrometer, since these extend parallel to the plane of
the slide. The avor-.Se volume of the particles is determined by
dividing the weight of a known number of them by their density
L.na ,u ber. Knoring the volume of och ;.articlop the c axis may
thea be found, since a and b are knovm. The, surface area is then
c.lculated from a, b, z nd c.

An oxperinezjtal L.ethod for setting the surfaco area
is also under development. In this method thb aaterial is
.llovied to st-nd for some tie iriaersed in a liquid in which it
is insoluble. The liquid holds in solution a substance capable
of reacting with the insoluble inatorjal, and after a time the
surfz.ce of each particle will have reacted sufficiently to give

moasure-blo change in weight of the original sarmple. This
chanc-e in weight is proportional to the surface .trea of the
siclle. Sowe success has been had by treating barium nitrAte
po.;ders in this -:.y with a-looholic solutions cont-ining sulfate
ions. A simiL.r technique, mking use of adsorption phenomena, hi.s
hoon described by Hrkins and Gans (9).

Coefficients of Friction

The ignition of iriiinr mixtures h-s been assumed to
tkC tl.co through the heat developed by static or kinetic frict-
ion betwdeen the individual iarticles. The sensitivity to impact
Will do.aond, then, uon two factorst

1. The minimum tompor:ture at which the Liixturo .ill
ignite.

2. The r.Ae at which het is davelo.vd in the solid
interfaces.

if the r-t, A Which.hoat is developed in the 5olid interfa.ces
ic -iot er. t unouoh, the hoet i-iill be conducted a.way or other-
wise dissipated before the intorfacc oecoi.:cs hot enough to
ignite. The r:.to of heat develoiment is determined, in turn,
b: the coefficiint of friction bet ween the particlos. So th.t
the sensitivity ic :inally :,roportionzal to the ignition tomp-
or-turo :.nd to the coefficient of friction means not only that
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the rate of heating is greater, but also that the total amount
of heat develo-ped in the mixture is areaterl and that a large
portion of the energy of impact ai.pears as heat in the mixture.

If th coefficients of frietion of explosives were
substantially constant, or rere inoperative in any way, it
would follow that the sensitivity would be proportional to the
ignition temperature only. Taylor and itinkenbach (a0) have shown
however, thAt this is not the case. In their investigation of
twenty initiating explosives, no relationship between the two
was found. The data --iven in table 6 are representative of
their results.

Takl&_o

Ignition Sensitivity, cms.

Silver acetylide D 200 79
Hexamet hylene-t riper oxide-

di:,nine 200 8
Dulcit:l hexanitrate 205 47
"ercurous azide 298 6
Lead st :l ,>nate 293 50

Evidently, the best way " o account for the lack of
"roiortion lity is to assign large values of frictional resist-
ance to those cow,ounds of high sensitivity. For instamee merourous
azide shoUld exhibit a much larger coefficient ol' friction than
lead sty.hnate. This ideea could be checked by iieasurin& the
angle of re ose of a iile of mercurous azide crystals and com-
icarinE with the angle of repose of lead styjhnate. Since the
t..ngent of the angle of repose is equal to the coefficient of
static friction, a very simle iceans of checking the theory is
available. It should be pointod out, though, that the sensit-
ivity data of Taylor and Rinkenbach jas obtained by crushing
the samples between hardened steel surfaces, so that the
frictional forces determinin6 ignition were probably those
between the steel surfaces and the explosive crystals, and not
necessarily those between the crystals theutselves. It would
seem advisable in theoretical investigations to "arap the sample
in tin or lead foil, in order that the friction of crystal
against crystal mifht be the solo source of heat (ji).

The coefficient of friction betwveen two substances
is, of course, a defiatte ;ronerty of the substances, and cannot
be altered. In a given coo-'osition i' would seen, then, that
there would be litle chance of incre, o ng or decreasing
sensitivity in this way. However, it Qe-os not see. entirely
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fantastic to suggest that by making ui ? of adsorption ;)henorzenaq
some profound chanes might be effect&. in the surface conditions
of the ingredients. The net result of such experimentbp of
course, would be the creation of a new surface having different

properties. Every crystal would be cheathed in a molecular
envelope too small to affect burning properties, yet thieb enough
to offer increased resistance to slidin& motion. As a matter
of fact, this has ulready been done in a rather crude way by
adding powdered glass to priming mixtures. If the glass is
fine enough, it will adhere to the coarser jarticles by adsorp-
tion and endow them, in effect, with a higher coefficient of
friction. In recent years, the silicides of calcium and iron
have been used with success in place of glass, and the tendency
is to re;rd them not only as abrasives, but as fuels as well.
The common assum.tion that stibnite also has abrasive properties

is op.en to question. The hardness of stibnite is only 2i it is,
therefore, about as soft as gypsuim,, and even softer than the finger
nlail ()

* A mor.ent's consideration will show, too, that binding
agents such as gum or glue must increase the coefficient of
static friction tremendously. The coefficient of static friction
is a measure of the resistance to sliding motion of two surfaces
at rest, and since the nature of a binding agent is to hold
surfaces together, the coefficient of static friction must
certainly increase when binders are added. In this connection
it seems robable that static friction is of grerber importance to
roLt ignition than kinetic friction, which comes into play

only after static friction has been o:ercome. Thenp too, static
friction is al,.-ays much greater than zi ietic friction.

The sensitizing effect of T.N.T. and of tetryl in
chlorate mixturs is ;robably not the result of jpurely friction-
al ohenomen,. Organic substances of this type are quite soft,
and if present in excessive amounts, vill desensitize even
chlorate mixtures. Furtheruore, T.!'.T. ill not sensitize
fulminate cor:positions containing no chlorate. Tetryl and T.N.T.
act in a very specific -tay on chlorates, and the investi&ation
of Lhia action offers another -roblem to the exilosives chemist.

The disastrous efiects of sm-ll amounts of oil or
Zroase in :.riu.ing ixtures are well known, and need not be enlar-
ged uL.on. The effect is purely lubrication of the particles
and elitin-tion of friction within the pellet.

So, e :,em--quantitative experiments :dere made to deter-
wine ho. much onary is necessary to fire the standard .30 cal-
iber F. A* 70 primer, &nd it is believed that the results confirm
the idea that primer ignition is a purely surface phenomenon
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origin ting in the solid interfcces of the conioeition. By run-
rjin% the drop tests on loaded primers and dumuy primers, and coear-
ing the depths of indentation caused by the firing pin, it was found

tht about 0.5 inch-ouace of energy is needed to fire the prier,
the, rest of the energy being used to deform the oup. It had been
found previously that potassium chlorate and lead sulfooyanide
ignite at about 250OC., so that it was possible to calculate
roughly the wei~ht of material that had been heated. Assuming
an average heat capacity of 0.21 the result turns out to be
.000017 grams. Now since ignition is started in the portion
of the pellet under the anvil point, ly about one tenth of
the :ellet is actually under impact. I by assuming an average
particle sizo of 10 to 20 microns, a reasonable figure, it is
possible to calculate, in a very rough fL.shion, to be sure, the
thickness of the heated layer on each particle. Such a calcul-
ation shows that if the .000017 gram of material is unifonly
distributed over particles of 10 to 20 microns in diaxaeter, the
number of 'articles being one-tenth the number in the pellet, t en
the thickness of the heated layer is from 20 X 10-8 to 40 x 10 -cm.
!ho diameter of jotaesium chlorat. ad lead aulfogayanide molecules
is about 6 X 10- cm., so that the result obtained is of the
fight order of .-agnitude and sup,,erts the idea that primer
ignition is ri..arily an affair between surface molecules.

Ignition Temperatures

Since primuing mixtures are generally assumed to ignite
through the a~ency of heat of internal friction, it becomes imp-
ortant to inquire into the temperature at ahich ignition takes
place. Properly s,eakins, explosives do not possess a sharply
defined ignition temperature in the same sense that they possess
melting points or deasities, On heating explosive materials at
-onstant temperatures, there is encountered a more or less well
defined range of temperatures in which decomposition sets in at
an appreciable rate, leadinZ finally to ignition or "puffing off".
As the temperature is increased, the initial jeriod of quiet
decom; osition is decreased, until a temperature is finally reached
where true ignition is practic~lly instantaneous. The theory
of this phenomenon has been discu.,sed '-y Garner (jU), and will
not be reviewed here.

An alternative method of detor-ining ignition teriyerat-
ures, one that is wilely accepted, is to begin heating the mat-
erial at a ter-, sature well below the ignition .-oint. The
tem .erature is then increased ct a constant rate until ignition
takes place. ihe i-esults obtaine "' this method are largely in-
fluenced by the amount of decoi-iosition taking 1olace before
ignition occurs, and in this respect the procedure is said to be
of value in shoiing up unstable smokeless powders. Under actual
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conditions of use, however, explosives are subjected to instant-
aneously developed temperatures, rather than slowly risin& ones,
and the first method is to be preferred for investigating *true*
ignition temperatures.

Taylor and Rinkenbach (O) determined the ignition
temperatures of a large number of initiatin- explosives. Their
procedure was to drop the sample onto a bath of Jood's metal
held at a \constant temperature, the time of ignition being noted.
The point at which ignition occurred within one second or less
,ias taken as the ignition temperature.

Similar experiments have be.. made at Frankford 'rsenal,
using a vertical tubular electric furn :e. A two-hole plug in
the top of the furnace is provided with two metal tubes -hich
serve as holders for 1l;sa tubes which may be renewed. One of
the glass tubes carries a thermo-coulle; the other receives the
samn.les. After constant temrerature has been reached, the samaples
are drop-ped into the furnace in te form of pellets and the time
of ignition noted. A clean tube is used for each pellet.

So far, only initiating explosives and binary mixtures
of fuels znd oxidizers have been investigyated, most of these
beiii- common _riraing ingredients. In many cases fairly inell
defined curves c-.n be drawn for tL-e of ignition vs. temperL.ture.
Some 3am~les$ however behaved inconsistently, and it was very
difficult to decide where to draw lines through the points. The
short vertical lines at the top of each graph indicate temperat-
ures at which sa@iples failed to inite within 30 seconds. Unless
otherwise noted, 200/- mesh material Vas used in all mixtures.

The results for potassium chlorate :iith four fuels are
showm in Figure 30. On cow.,.arinig the lead sulfocyanide and stib-
nite curves, it becoL.es evident that the lead salt is the active
uel in the F.A. 70 type ci mixture, since it ignites about 1500

below stibnite. This is in accordanae with the performance of
so ie experimental .riming mixtures in which lead sulfocyanide and
stibnito were used sei:arately with potassium chlorate. It was
,roved that stibnite might be o: iitted in chlorate mixtures, but
that the lead salt was indispensable. Cuprous sulfocyanide ig-
nites slightly above the lead compo, , and zirconium is the least
inflaLz.iable of the four. Its curve u ins to slope off at 4000,
and had the data been extended further, it undoubtedly would have
aplroached the temperature axis as an asymptote. For comparison,
two -yrotechnic com--csitions have been included; strontium and
barium peroxides with ma.nesium. These also slope off, and their
high ignition teiperatures ire in line with their insensitivity
to ii.4act.

Barium nitrite mixed with the same fuels is shown
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in Figure 31. Zirconiun- appears in this case to be quite equal
to le d sulfocyanide, and both are far superior to stibnite. This,
again, is in agreement with results obtained from mercury fulmin-
ate mixtures in which the stibnite had been replaced by zirconium
or lead sulfocyanide. Cuprous sulfocyanide is almost as difficult
to ignite with barium nitrate as stibnite. It should be-noted
that barium nitrate is quite effective as potassium chlorate in
igniting zirconium, but that it lags far behind on the other three
fuels.

Potassium perchlorate mixture, are shown in Figures 32
and 33. The data obtained with salt is i.-satisfactory from the
standpoint of curve tracing, especially -e lead sulfocyanide
miAture. But the relative positions of the points serve well en-
ough for corajarisons. Potassium perchlorate is more stable than
the chlorate, and so it might be expected to give higher ignition
termperatures. This is, indeed, the case for mixtures with stib-
nite and the sulfocyanides. The zii-cnium mixture, however, is a
decided exception in that its curve lies at least 500 below the
zirconium-chlorate curve. Apparently, ignition teiperaturus de-
pend entirely on the coi.bination being studied, and cannot always
be inferred frorm the revious behavior of each constituent with
other fuels and oxidizers. The curve for cuprous sulfocyanide
and potassium perchlorate is a good example of a poor combination
from the st .ndpoint of inflannability. This curve approaches the
Ieniperature axis so slowly that it is doubtful whether prompt
ignition would occur at any temperature less than about 7000.
In this respect it ranks with the barium nitrate mixtures, so
far as the data for these shows. 'BariurL nitrate mixtures, of course
h ,e to be used with an initiatin explosive.

The results for four initiating explosiN. are iicluded
in Figures 32 and 33. These curves are romarkably similar in
their abrupt dro,- toward the toiepraturo axis. Diazol checks very
closely with uercury fulminuto, both giving instantaneous ignition
at about 2600. Lead styphnate lies about 700 higher. No doubt,
this holls to account for the insufficiunt sensitivity of this
salt in .30 caliber primurs. The curve for tetracene also helps
to explain '-hy this matoriul will ov-rco.e thi insensitivity of
lead styphn-te mixtures. Totraceno shu - a somwhat lower ig-
nition tumjratur& than izercury fulmina., In attompting to
correlate ignition teaperjratures with sensitivity, a considerable
Lzental ruservtion should be wade concernin.g the offucts of
changis ii, thu cofficiunt of friction, as notod in th3 section
on friction.

Four strontium nitr,.Te coL.iniations ajA..ar in Figur 34.
Laxtur,.s of th, sullfocy~nidus with strontiuu nitrate chock vry
closely the Cuav- mixturui with b.rium nitrate, which might be ox-
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pected in view of the similarity between strontium and barium
compounds. The strontium salt with zirconium and stibnite is
only slightly easier to ignite than the same mixtures of barium
salt. The small difference between strontium and barium nitrates
in this respect probably explains why the substitution of ;tron-
tium for barium in the 353-D mixture mC with so little success,
even though the heat of combustion shou. -, have been increased
thereby. Apparently, there is little to be gained in case of
ignition through the use of strontium nitrate instead of barium
nitrate, at least for the four fuels investigated.

Some lead p;eroxide mixtures are given in Figure 35.
The most interesting feature here is Lhe uuA-rkad difference
between the lead sulfocyanide and copper sulfocyanido combin-
ations, a difference shown by these fuels with no other oxidizer.
The data from the lead sulfocyanide mixture is rather erratic,
but the trend toward the region of sensitive materials like
mercury fulainte is unmistakeable. This peroxide-sulfocyanide
combination deserves further study; it seems to suggest a new
kind of non-corrosive non-fulwinate composition of unsuspected
possibilities. The curves in Figure 35 show adain that ignition
temperatures are quite unpredictable. Aside frobi the difference
noted above, stibita is more easily ignited by lead jeroxide
than by potassium perchlorate, but -the reverse is true for cuprous
sulf ocyanide.

An unexpectud result was obtainad by varying the gran-
ulatio.i of the potassiui:, chlorate-stibnite mixture to 150/200
and 100/150 mesh. The sieve fractions used in those mixtures
were obtained from the same sample of material, yet the curves
in Figure 36 show a wide divergence of the 150/200 mesh mixture
from the other two granulations. Naturally, this cannot be
explained on thc basis of contact surface between the ingredients,
or adsorption of ,.ter vapor on their irfaces, for the 150/200
mesh material is intormediate in this ± - )ect with the other two
g-ranulations. It has not been determine, whether the same be-
havior may be observed in other oxidizers and fuels, and no
ex; lanation will be offered until the matter has been investigated
furthnr. The effect, hoyvever, is of te.ro than passing interest.

It is interesting to not. t;at all con-.cunds and mix-
tures used succssfully to initiate coabustion in the priaer
iollit give an uLiost perpendicular curve cutting the tetperature
axis below 2750. Sjecifically, the potassium chlorate-lead
sulfocyanido mixture, diazolp mercury fulminates and tetracene
have this cro .Qrty. Lead styphnate also gives a curve which drops
quickly toward thu tempurature axis, but its intorsuction is some-
,hat above 3000p and this fact seemingly is sufficient to place
it just outside the iala.
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The data on ignition temperatures that have been pres-
ented is co ,vincing iroof that exploives have no definite ig-
nition te erature. The term "ignition temperature" is quite
meaningless until it has been surrounded by many arbitrary test
conditions. However, the method used in the present work for
comparing ease of ignition is quite free of arbitrary conditions,
even though it does not yet afford a definition of "ignition
temperature". The plotting of time vs. temperature gives a curve,
sometimes a var.uely defined onep which can, nevertheless, be com-
pdred with othe; curves as to position, slope, etc. The theoretical
significance of such curves is not yet clearly understood, and
the cause of some of the extremely erratic results cannot yet be
explained. A study of these would lirobably throw considerable
light onthe behavior of primin L co.positions.

The Primuer Flame

The most strikin, feature of flames in general is their
high temperature, and many attempts have been made to relate the
ballistic properties of primers to their flame tomperatures,
which have been either measured or calculated. Calculatod
temperatures are misleading for several reasons:

1. The reactions which are assuL ' in the calculations have
never boon proved to take place, and siu, reactions are ignored
com-letely.

2. TAose reactions which do take placj never -o to coi:iletion
for a~preci~blo amounts of the original ingredients may be found
in thu residue.

3. The flaae is always cooled to so-.e vxtent 'by its rather
devious 1 assauc over mot&l surfaces. The unrtacted particles
blown out of the rimer absorb heat from the flame, and cool it
still further.

Borland (14) attemtod to measure flame temperatures
by rocordin. radiation intensities on photographic plates,
coijprin the intensities with a standard radiant whose tompor-
ature was known. The duration of the flaae and its effect on
tho rjordod intensitis wias neglectod, ho.ievr, and it is doubt-
ful .7hothr thu results are entirely comparable. Borland realized
that the fl.ame temperzture is const-.ntly changing duo to heat
oxchange with mtJl surfaces and unroacted ingrodionts; so it is
difficult to scc how the term can havo any Cofinit. moaning so
long as various parts of the flame aro at different temporutros.

The important thing, of course, is to have a rapid
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exchange of heat from the flame to the propellantp and any ohange
in the irizer which facilitates the exchange of heatshould
imkrove the ballistics of the ammiunition. It is important, too#
to have a fairly constant rate of heat exchange, in order that
uniform ballistics will be obtained. The most obvious way to
increase the rate of heat exchange would be to increase the speed
of combustion of the primer ikellet. The flame is then driven fur-
ther into the iowder charge, the cooling effects previously
noted are reduced, and most iml-ortant of allp the hot gases sweep
over the powder grains with greater velocity and heat them up to
ignition more quick.y. The disadvantage of using a high speed
primer is that high local pressures are built up in the primer
cui, causinf; set-back and leaks. This effect has been noted in
certain fulainate cowlositions containing large amounts of zirco-
Aium.

Fortunately, there are other ways to facilitate heat
exchange which can be easily shown. Taking a simple case of heat
transfer from a hot body to a cold body, the total heat capacities
of both bodies being finite, it can be iemonstrated that the rate
of temperature rise of the cold body ic

dT = a * bT --------------- (4)

dt

where T - temperature of the cold body at any time t,

a -- K t- '

and b K

K is the overall coefficient of heat transfer from the hot to the
cold body, S and S' the initial temperatures of the cold and hot
bodies respectively, and C and 0' the total heat capacities of
the cold and hot bodies respectively.

In the c~se of ignition in ammunition, the hot body,
of course, is the iriwer flame and the cold body is the Lro-
pellant charge. Thu imkortant thing to note is that the heat ca-
pacity of the priuer flame is an iapoktant variable rcverning the
r.to of hotin6 of the provellant charge. Moreover, the flames
from various compositions may vary widely in their huat capacities.
Some of the common gaseous constituents of primer flumes are
listed in Table 7 ",ith their specific heats in calories pcr gram
at constant volume.
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Table 7

Cv at iOooPC.

Hg vapor .015
N2  .195
CO .195
C02 .231
S02 .231

On integrating Equation 4, the temperature of the cold
body may be expressed as a function of time;

T + *bta -------- (5)

By neuns of Equation 5 it is now possible to draw curves showing
the rate at which the Lases in Table 7 will heat up an equal weight
of nitrocellulose. Figure 37 shows such curves in which the
temperature of the cold body, or nitrocellulose, is plotted against
time. The nitrocellulose is taken at an initial temperature of
200C., specific heat 0.3, the gases being heated to 10000C. The
curve shows that under the stated conditions, the mercury vapor
is totally unable to ignite the nitrocellulose, while the other
four gases cause a prompt rise in temperature. Carbon dioxide
and sulfur dioxide are slightly better than nitrogen and carbon
wonoxide, but the difference is negligi' .e.

These results lead naturally to a consideration of the
,art played by solid and wolten matter in the primier flame. An
exact quantitative con arison with gases is not possible, however,
due to the uncertainty resarding K, the overall coefficient of
heat transfer. K inay be considered constant in the comparison
of g&zes, and to sirnplify matters it wa3 made equal to unity in
calculating curves for the gases. But when heat flows from solid
to solid or from liquid to solid, the character of the flow changes
and, quite generally, K increases greatly. The increase may be
anywhere from ten-fold to one hundred-fold (5). And since K
always increases when solids or liquids are substituted for gases,
it is believed that theory is not being strained by drawing curves
for molten .otassium chloride and stibnite (Figure 37). The
coefficient K was taken ten times as great as for gases, for the
sake of being consurvative, and specific heats of 0.16 for po-
tassium c¢loride und'0.09 for stibnite were uses (L6). The curves
are only approximate, but they show plainly, in spite of the
conservative assumptions, that molten and solid uatter in the
flame is much more affective than any of thes gases in promoting
ignition.
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The importance of having "incandescent particles" in the
primer flame has been argued pro and con for many years without
the question ever having been settled definitely. The examination
of priwer residues suggests that droplets of molten matter are
more in evidence than incandescent particles, and that these would
certainly cling to powder grains more tenaciously than solids.
However that may be, it is fairly certain fro the foregoing
discussion of specific heats that either molten or solid matter will
promote ignition more quickly than gas.4 at the same temperature.
Some of the work recently done at Ficati .y Arsenal (I1) shows
that from 60% to 70% of the primer flame is solid or liquid matter,
the rest being gases. So that all the evidence, both experimental
and theoretical, seems to point to solid and liquid matter as an
overwhelmingly active agent in primer flames. It is probable, then,
that the only reason for having any ras at all in the flame is to
Set a sufficiently high pressure in the cartridge case at the
moment the propellant charge is ignited. The speed of combustion
of the charge depends, as everyone knows, on the pressurep so
that a primer which fails to give off a sufficient amount of gas
may cause hangfires quite as easily as one which does not yield
a sufficient amount of molten matter.

Experiments are being planned for investigating residues
from 'rimor flames in order to determine approxiimtely the struc-
ture of the flames. Preliminary work has shown that the distrib-
ution ,nd degree of subdivision of liquid and solid matter in the
flames can vary videly with different comioositions. The F.A. 70
mixture 6ives a uniform siray of ootassium salts and stibnite.
Certain fulminate Wixtures, on the other hand, produce a very
fine cloud of solid barium oxide and a few scattered drops of
i:iolten barium nitrtte and stibnite. The bearing such a differ-
ence might have on the ignition of smokeless powders is obvious.

In the determination of ignition temperatures, it was
found that pellets of potassium chlorate and antimony sulfide
gave reddish brown residues which were strongly acid. Now the
reaction erdinarily assuimed for these ,-mounds is

3KC103 + Sb2S3 4 Sb203 + 302 + 3KCl

and of course neither of the solid products, potassiufl chloride
or antiMony oxide, is strongly acid or colored. Subsequent ex-
jeriments rroved that a secondary reaction takes place between
potassium chloride and unburned stl'rlte with the formation of
reddish brown potassium ,olysulfide and antimony chloride. The
latter comlound ther. hydrolyzes in water to give hydrochloric
acid. The question of interaction between pctassium chloride
and antimony oxide has been raised (14), but no evidence of it
way found by this Laboratory, It can be shown, however, that
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-. the samo kind of reaction takes place ii iixtures of lead sul-
focyanide and potassium chlorate. The 1 ad salt seems to lose
cyanogen gasp which is burned by the chloratei the residue of
lead sulfide and ;otassium chloride then yields potassium sulfide
and lead chloride, which reacts acid.

Several .30 caliber primers loaded with the F.A. 70
mixture, which contains chloratep siTnite, and lead sulfocyanide,
were fired into an airtight flask containing a little water. A
simple titration with standard alkali showed that the average
pellet yields 1.71 milligrams of hydrogen chloride on explosion,
while the scLne experiment with fulminate primers showed that no
acid is formed. This result is highly significant from the stand-
point of corrosion in rifle barrels9 for the general opinion since
1920 has been that potassium chloride is solely responsible (3).
This would seem to revive the whole question of what constitutes
a corrosive primers since it ought to be possible to get neutral
or alkaline residues from chlorate mixtures by eliminating fuels
which give acid residues. The subject deserves to be investigated.
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IV. c,'C' 8zo

1. Strontium nitrate and normal lead nitrate show no ad-
vantage over 'barium nitrate in fulminate mixtures of the 353
type.

2. Cukrous sulfocyanide shows no advantage over lead sul-
focyanide in the 353 type of fulminate mixture* 2;men used in wet
mixture of this kind, rapid decomposition sets in.

3. Barium nitrate crystals coated with potassium perman:
&WAUP trinitrotoluene, pentaerythrite tetranitrate, or picric
acid do not improve dry fulminate mixtures. On the contrary, a
marked drop in sensitivity takes place with the last three
comi ounds.

4. Tetracene cannot be used as a substitute for mercury
fulminate.

5. Mixtures containing mercury fulminate and lead btyphnate
or basic lead picrate have not been successful so far.

6. Compositions containing mercury fuluinate and lead
styp~hnate or basic lead Vicrate are desensitized by wet loading.

7. Dry aercury fuln4nate compositions containing lead
styphnate are more violent than those containing basic lead
Ficrate, a strong tendency toward pierced 1,rimers being noticeable.

8. Dry mercury fulrainate compositions containing lead
styphnate have less tendency to hangfire than those containing
basic lead picrate.

9. Wet mercury fulminate mixtures containing lead styphnate
give a better hangfire test thun thoae containing basic lead
picrate.

10. get mercury fulminate mixtures containing either lead

sty;:hnate or basic lead ricrate show a strong tendency to misfire
under full machine Sun action. These composition. are generally
inferior to the dry charged mixtures.

11. In the 353-D type of fulminate mixture, the best hang-
fire tests are obtained by using 150/200 mesh barium nitrate
and 200/- mesh antimony sulfide.

12. Mercury fulminate mixtures of the 353 type show u
greater tendency to hangfire when loaded wet than when loaded
dry. The reverse is true when the lead sulfocyanide is increased
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to 15% or more, the dry mixtures then giving the greater number
of hangfiras.

13. liercury fulminate mixtures of high lead sulfocyanide
content, containing no antimony, are quite useless unless loaded
wet.

14. A very promising non-corrosive ternary mixture (402-11)
can be prej~ared from mercury fulminate, barium nitrate and lead
sulfocyanide. The hangfire test of this mixture is comparable
with that of the F.A. 70.

15. By gradually substituting zirconium for lead sulfocyanide
in the ternary mixture 402-W, a whole series of non-corrosive
compositions can be prepared, none of which have given lags or
hangfires under full Lchine sun action.

16. By substituting zirconium for :.cad sulfocyanide in the
ternary Lixture 402-*W, the speed of combuztion is apparently
increased, and when more than 10% zirconium is used, a strong
tendency toward leaky pribiers is observed.

17. The best rofjortion of zirconium to use in four-com-
ponent, 20% fulminate mixtures is ai ,roxiwmtely 10%, the other
ingredients baing barium nitrate and lead sulfocyanide, and the
whole adjusted to approximate oxygen balance.

18. The four-.cbmponent 403-W type of' mixture, containing
10% zirconium and 20% fulminate, may have its fulminate content
vried from 15% to 25% without affecting the ballistic properties
of the composition.

19. The four-component 394-W type of mixturo, containing
20% zirconium and' 20% fulminate, yields lags and hangfiras when
its fulminate content is either decreased or increased.

20. In order to avoid hangfiros in the four-component
fulminate mixturus containing zirconium, the granulation of
thu burium nitrito must b; at loast aa fine as 200/- mesh.

21. The sensitivity and ballistic effects of mercury ful-
minate comlositions are distinctly poorer when either fine or
ccurse fulminate is used exclusively. It is necessary to have
both fin,, .nd coarsc mercury fulinto resont.

22. rho F.A. 70 type'of aixture i not apkreciably affoctod
by coating the fot~ssium chlorate cryst.A. with potassium
perxangmn-te.

-41



23. Totraceno cannot be used in place of T.N.T. for sen-
sitizing the F.A. 70 type of mixture.

24. The ballistic performance of the F.A. 70 composition
is not affected by varying the granulation of the potassium
chlorate and antimony sulfide through the 100/150, 150/200, 200/-
mesh sieve fractions, using all nine of the possible combinations.

25. The ballistic performance of the F.A. 70 type of mixture
is very much iiipaired by dry charging, which causes a Larked
tendency to hangfire.

26. The sensitivity and ballistic effects of the F.A. 70
corposition are not altered noticeably by leaving out the
stibnite altogether.

27. The ballistic performance of the F.A. 70 composition
is apparently unchanged when both stibr.. ;e and T.N.T. are omitted,
but the absence of T.N.T. causes a sharl decrease in sensitivity.

28. The Rathsburg composition containing tetracene and lead
styphnate is definitely impaired by wet loading.

29. The ,athsburg comlosition containing basic lead picrate
in place of the styphnate is desensi iized by wet loading.

30. Tetracene has a marked sensitizing effect on the Raths-
burg mixture containing either the basic picrate or styphnate
of lead,

31. Basic lead picrate is inferior to lead sty phnate in
the Rathsburg prirmer.

32. The Rathsburg primer is equivalent to the mercury ful-
minate primer from the standpoint of sensitivity and hangfires.
It has tie advantage that no mercury is y~resent in the mixturei
its chief disadvantage is the danger of handling lead styphnate.

33. Diazol shows ,romise as a substitute for mercury ful-
minate.

34. Antimony sulfide is of little value as fuel or abrasive;
its chief function is probably that of heat carrier as shown in
the section on the Primer Flame.

35. No generl rules can be 6iver for the effects of wet
charginj on the ierformance of riwers. The effects of wet
charging are specific for each comzositic.:.
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36. According to theory, the sensitivity to impact of a
binary mixture of fuel and oxidiser should vary with the partile
size ratio of the one to the other.

37. According to theoryp the speed of combustion of any
inflammable mixture should vary with the absolute granulation of
the ingredients.

38. According to theory, the observed discrepancy between
ignition torperatures and imnpact sensitivities of explosive
materials is caused by variations in the f6rces of friction between
the crystals.

39. Ne general rules can be dravm for predicting the ease
of ignition of a binary mixture of oxidizer and fuel. The ease
of ignition is peculiar to each mixture.

40. Among the samples studiedq the ignition temperature
curves for initiating explosives and mi: tures that are sufficiently
sensitive for .30 caliber primers were a I similar, and intersected
the temperature axis at or below 275 0C.

41. The ignition tewperature curve for a wiixture of po-
tassiuam chlorate and stibnite depends in some unknown way on the
granulation of the ingredients.

42. According to theory, the rate of heat exchange between
primer flame and prolellant charge depends on the heat capacity
of the flame. In this respect, nitrogen, sulfur dioxide# and
the oxides of carbon are su,.erior to mercury vapor. Because of
the greater overall coefficient of heat transfer, solid or molten
aatter is more effective than gases.

43. The function of gas in the primer flame is not to ig-
nite the owder 0rains, but to create a sufficiently high pres-
9z" at the moment ignition occurs.

44. The corrosive action of chlorate primers on rifle bar-
rels is due, at least partly, to the liberation of hydrochloric
acid during explosion.
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R=0123NATIONS

1. The non-corrosive, three-component mixture containing
mercury fulminate, barium nitrate, and lead eulfocyanide should
be investigated further.

2. The non-corrosive, four-component mixture containing
mercury fulminate, barium nitrate, lead sulfocyanide, and
zirconium should be investigated further.

3. Experimental mixtures should be made with diazol, tet-
racene, end possibly basic lead picrate, with the object of
developing a non-mercuric, non-corrosiv composition. Lead sty-
phnate has a bad reputation as a hazard o life and limb, and is
not favored in primer work.

4. The 1?roblem of eliminating stibnite from the F.A. 70
tye of mixture deserves consideration, carefully weighing the
advantages against the disadvantages. This would require an
extensive loading and firing prograi.

5. The properties of graded microscopic powders and in-
organic colloids in priming mixtures oueht to be investigated
with the object of increasing the activity of certain sluggish
ingredients.

6. The relationship between granulation and the speed of
combustion and sensitivity of ,riming mixtures should be deter-
mined. Information of this kind would help in regulating the
speed of combustion of priwersp and would offer a valuable check
on the theory of granulation.

7. The possibility of altering coefficients of friction
between crystals by means of adsorption phenomena should be
investigated *4ith the object of altering 3ensitivity to impact.
Wherever I-ossible, te theory of friction forces in sensitive
mixtures should be checked exjveriLentally.

S. The sensitizing effect of small quantities of nitro-
organic cor. :oun'Is on chlorate primers should be worked on, since
it may lead to the sensitizing of slug..'sh oxidizers such as 1a-
rium nitrate.

9. Ignition t3...er:tures should be deterwined on additional
binary and perleAs ternary i,.ixtures. Those mixtures igniting
below 275 0C. seem well suited as initiating agents in .30 calibar
primers, and it ought to be possible to pick out valuable com-
binations in this way.

10. Aciording to ignition temperature curvesp a mixture of
lead yeroxide and lead sulfocyanide ignites almost as easily as
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the corresponding chlorate mixture. Thi value of this combination
as the basis of a new kind of non-mercur-'_ non-corrosive oom-
position ought to be investigated.

11. Experiments should be made on the use of new fuelgs
such as the ferrocyanidesp cyanides, oxalates, etc. in both non-
corrosive and chlorate 2rimers.

12. In view of the appreciable quantity of hydrochloric acid
liberated during combustion of the F.A. 70 compositionp it would
be highly desirable to determine to what extent this acid is re-
sponsible for the corrosion observed with chlorate primers in
general,

13. The possibility of develop;ing a chlorate primer which
gives a neutral or alkaline residue is attractive. Such work
should be correlated with the investigation of new fuels for
i-nition systems.

14. Experiments should be continued on determining the
structure of flames with reference to the solid and molten matter
present.
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VII. S UL2 RY

The results of sensitivity tests and hangfire tests
have been described in detail for fifty-nine mercuric non-cor.-
roaye priming mixtures, twenty-three chlorate mixtures$ and ten
non-mercuric, non-corrosive mixtures.

The experimental mercuric non-corrosive compositions
included the following lines of endeavors

1. Substitution of strontium and normal lead nitrates.

for barium nitrate.

2. Substitution of tetracene for mercury fulminate.

3. Sensitizing barium nitrate with potassium per-
man:.a-Ate,T.N.T., P.E.T.N., and picric acid.

4. Substitution of cuprous sulfocyanide for lead
sulfocyanide.

5. Addition of lead styphnate and basic lead picrate
tc mercuric mixtures.

6. Effect of varying the granulation of barium nitrate
land antimony sulfide.'

7. Relative importance of lean sulfocyanide and stib-
nite as fuels.

8. Use of zirconium as a fuel.

9. Effect of varying the mercury fulminate content of
zirconium mixtures.

10. Effect of varying the granulation of barium nitrate
in zirconium mixtures.

11. Affect of varying the granulation of mercury ful-
minate.

On experimental potassium chlorate mixturee the follow-
ing work was donee

1. Sensitizing potassium chlorate with potassium

yr*Lnganate.

2. Use of tetracene in chlorate mixtures.
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3. Effect oan the F.A. 70 mixture of varying the
granulation of potassium chlorate and antimony
sulfide.

4, Relative importance of leA sulfocyanide &id
stibnite as fuels.

On non-mercuric, non-corrosive mixtures the experiiaents
included s

1. Sensitizing effect of tetracene in the Raths-
burg primer.

2. Use of basic lead picrate in place of lead
styphnate in the Rathsburg primer.

3. Substitution of diazol for m:ercury fulminate
in non-corrosive mixtures.

The effect of wet and dry charging on all types of
mixtures has been observed.

The theory of granulation has been considered. The
condition for maximum sensitivity of a binary mixture of oxi-
daer and fuel has been expressed mathematically,

Ignition temperatures have be., discussed. Experiment-
al ignition temperature curves are 'ivei, for twenty-five
initiators and explosive mixtures.

The theory of coefficients of friction in priming
mixtures has been discussed qualitatively.

The structure of the prime. flame has been considered.
An expression has been developed for the relative effectiveness
of various primer flame constituents in promoting ignition of the
propellant charge. Curves have been drawn for this expression
showing that the specific heat of each primer flame constituent
is an important variable governing the time required for igni-
tion of tho propellant charge.

The liberation of hydrochloric acid during oxplosion
of the FA. 70 primers has been demonstrated.

Th possibility of developing a non-corrosive chlorate
primer by a suitablo choice of fuels has been pointed out.
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